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The link between influenza and medical complications is well stablished and plays a 
role in the high mortality rates of this disease. Available scientific evidence suggests 
that influenza vaccination might reduce the risk of cardiovascular events. This setting 
for cardiovascular prevention beyond immunoprotection has been studied in several 
clinical trials. Most of them include populations with coronary artery disease. 
However, differences in clinical design, population included, and vaccination strat
egies might explain divergent results and should be interpreted with caution. The pre
sent article summarizes available literature in a manner that aids physicians in a better 
interpretation and encourages the implementation of influenza vaccination in cardio
vascular prevention programmes.
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Introduction

The link between influenza and medical complications be
yond the primary respiratory illness is well established 
and plays a role in the high mortality rates of this disease. 
Several population groups are at increased risk for more se
vere influenza illness and influenza-related mortality, in
cluding those with certain underlying medical conditions, 
infants, young children, and elderly adults. Analyses of 
risk factors for severe influenza have generally been con
sistent in their findings about the potential for worsening 
cardiovascular (CV) disease, both directly or mediated by 
decompensation of diabetes mellitus (DM), chronic lung dis
ease, renal disease, or blood disorders, amongst others.

The impact of influenza vaccination on the risk reduc
tion for CV events has been a topic of interest in several in
vestigations. Results from observational, prospective 
randomized trials and meta-analyses have progressively 
added mounting evidence for the cardioprotective effects 
of vaccination. However, results are not consistent in all of 
the studies. Differences in trial design, sample size, pa
tients with/without CV disease (CVD), acute/chronic set
tings, type of vaccine administered, follow-up, endpoints 
considered, and other characteristics might play a role in 
this heterogeneity.

The following aims to summarize the evidence for influ
enza vaccination as a strategy to reduce the risk of CV 
events.

Viral illness and cardiovascular health

We have learned how influenza infection triggers mechan
isms that potentially affect CV health, especially in indivi
duals considered at high morbidity and mortality risk 
based on their CV risk factors or the presence of etablished 
CVD.1,2 Appropriate risk factor control and optimal medical 
therapy for their baseline conditions are the first step to 
prevent influenza-mediated complications in these pa
tients. Yearly influenza vaccination is also strongly encour
aged in this population based on the favourable balance 
between benefits and risks. It has been a field of continuous 
research in large clinical trials in order to provide effective 
immunoprotection and favourable safety profiles. The main 
settings where influenza vaccination has been studied are 
coronary artery disease (CAD) and heart failure (HF).

Influenza vaccination and coronary artery 
disease

Naghavi et al.3 reported in 2000 that influenza vaccination 
in patients with chronic CAD was negatively associated 

mailto:achevia@gmail.com
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1093/eurheartjsupp/suac126


A26                                                                                                                                                                                                      A. Carro

with the development of new myocardial infarction (MI) 
during the winter influenza season (October 1997 to 
March 1998). Although this was a retrospective, case- 
control study and vaccination status was self-reported, 
it constitutes one of the first reports of the potential asso
ciation of influenza vaccination with reduced risk of subse
quent MI. Because of its nature, the study was not able to 
determine the mechanisms that lead to lower the risk of MI 
in vaccinated individuals [0.33; 95%, confidence interval 
(CI) 0.13–0.82; P = 0.017].

Similarly, Lavallee et al.4 found that the CAD patients 
vaccinated during the epidemiological campaign had low
er rates of cerebrovascular accidents in the winter of 
1999–2000 in Paris, France.

The first randomized study trying to revalidate Naghavi 
et al.’s results included 301 patients with MI and planned 
percutaneous coronary intervention (PCI).5 The ‘Flu vac
cination in Acute Coronary Syndromes and Planned 
Percutaneous Coronary Interventions (FLUVACS)’ trial 
evaluated the effects of influenza vaccination by compar
ing the incidence of CV death at 6 months in patients who 
received vaccination with a control group (no vaccin
ation). This primary outcome at 6 months occurred in 2% 
of the patients in the vaccination group vs. 8% in controls 
(relative risk [RR] 0.25; 95% CI 0.07–0.86; P = 0.01). The 
secondary triple composite endpoint rates (CV death, non- 
fatal MI, or recurrent angina prompting re-hospitalization) 
occurred in 11% of the patients in the vaccination group vs. 
23% in controls (RR 0.50; 95% CI 0.29–0.85; P = 0.009).5

The benefit of vaccination was limited to patients with 
MI, and no differences appeared for planned PCI patients.6

Vaccination reached a greater reduction in the incidence 
of the composite endpoint among subgroups with a higher 
baseline risk (age >65, diabetic patients, TIMI risk score 
≥6). However, the benefits of vaccination were also seen 
in those who a priori were not at high risk (non-diabetic pa
tients, non-smokers, and patients with no history of revas
cularization). The authors conducted follow-up studies in 
order to determine whether the observed benefits of vac
cination were maintained over time. The same endpoint 
definitions were used for 1-year and 2-year follow-up ana
lysis7 among those who were re-vaccinated during the sub
sequent winter season.8 They found that the incidences of 
CV death [(6 vs. 17%; P = 0.002) (HR [hazard ratio] = 0.34; 
95% CI: 0.17–0.71; P = 0.02)], the composite endpoint of 
total death/MI [(3.5 vs. 9.7%; P = 0.005) (HR = 0.36; 95% 
CI: 0.12–1.09; P = 0.05)], and the triple composite end
point of CV death, non-fatal MI, or recurrent angina [(22 
vs. 37%) (HR = 0.59, 95% CI: 0.4–0.86; P = 0.004)] at 1 
year were significantly lower in patients receiving vaccin
ation compared with controls.7,8

These results suggested that influenza vaccination im
proved the clinical course of CAD in patients with MI and 
that the beneficial effect would extend over the period 
of viral circulation.

The ‘Influenza Vaccination In Secondary Prevention 
From Coronary Ischaemic Events In Coronary Artery 
Disease—FLUCAD trial’ was designed as a prospective, ran
domized, double-blind, placebo-controlled study that 
tried to evaluate the effect of influenza vaccination (triva
lent influenza vaccination vs. placebo) on the incidence of 
coronary ischaemic events in optimally treated patients 
with CAD confirmed by coronary angiography.9 The risk 
of the population included (658 outpatients with optimally 

treated) was lower than the FLUVACS trial.5 There was no 
statistical difference in CV death (1.06; 95% CI, 0.15–7.56; 
P = 0.95) or the combined endpoints (including CV death, 
MI, coronary revascularization, or hospitalization for myo
cardial ischaemia) (Table 1), though the point estimate for 
the latter favoured vaccination. This should not be re
garded as a negative result, since influenza vaccination 
might improve the clinical course of CAD by reducing the 
frequency of coronary ischaemic events at 12 months 
(6.02 vs. 9.97%, HR 0.54; 95% CI: 0.29–0.99; P = 0.047).9

Patients with previous MI or stable angina were rando
mized to receive influenza vaccination as an adjunctive 
secondary prevention strategy or placebo in the influenza 
vaccination in reducing cardiovascular events in patients 
with coronary artery diseases (IVCAD) trial with a single- 
blind design. Results were only published as abstract,10

with no significant reduction in the primary endpoint (CV 
death) but less influenza infection rate (P = 0.0049) in 
the vaccination group. However, the number of total 
events for the primary endpoint was too low (1 vs. 2) to 
raise enough statistical power10 (Table 1).

The positive effect of influenza vaccination after admis
sion for the acute coronary syndrome (ACS) was further 
confirmed in another randomized clinical trial (RCT). 
The fact that vaccination benefits persist even with the 
advances in the acute and log-term treatment options 
(primary PCI, antithrombotic treatments, newer stent 
generations, lipid-lowering drugs, etc.) gives consistency 
to the findings of subsequent investigations.

In 2011, Phrommintikul et al.11 published their results 
comparing a vaccination strategy vs. control on 439 pa
tients admitted for ACS in the previous 2 weeks. The com
posite endpoint including CV death, ACS hospitalization, 
HF hospitalization, and stroke hospitalization was reduced 
by 30% in the vaccination group. Cardiovascular death was 
explored as a secondary endpoint and showed reduced in
cidence (by 27%) in those who received the vaccine.

The Influenza Vaccination After Myocardial Infarction 
(IAMI) trial is probably the trial with the strongest impact 
on the field of CAD and influenza vaccination.13

Participants were enrolled within 72 h of an invasive coron
ary procedure or hospitalization and then randomized (1:1) 
to receive trivalent influenza vaccine or placebo.14 This in
cluded not only ST-elevation MI (STEMI) and non-STEMI 
(NSTEMI) diagnosis but also patients with stable CAD ≥75 
years undergoing angiography/PCI and with ≥1 additional 
risk criterion (previous MI, previous PCI, previous coronary 
artery bypass graft CABG, DM, current smoking, or an esti
mated glomerular filtration rate (eGFR) <40 mL/min).

The sample size was initially calculated on the basis of 
three smaller randomized studies,7,9,11 demographic 
data from the Annual Swedish Coronary Angiography and 
Angioplasty Registry reports (accessible at https://www. 
ucr.uu.se/swedeheart/) and from the Thrombus aspir
ation during ST-segment elevation myocardial infarction 
(TASTE) trial in which the number of risk patients included 
was lower than expected.15 The combined primary end
point of all-cause death, MI, or stent thrombosis at 12 
months was estimated at 10% (expected survival probabil
ity of 0.9) for individuals randomized to placebo. With a 5% 
two-sided significance level, the authors calculated that 
386 events would be needed to have a 80% statistical 
power to detect a 25% reduction of the primary endpoint 
in the influenza vaccination group (corresponding to a 

https://www.ucr.uu.se/swedeheart/
https://www.ucr.uu.se/swedeheart/


Impact of influenza vaccination on cardiovascular diseases                                                                                                                     A27

Ta
bl

e 
1 

Cl
in

ic
al

 t
ri

al
s 

of
 in

flu
en

za
 v

ac
ci

na
ti

on
 a

nd
 c

ar
di

ov
as

cu
la

r 
di

se
as

e

Re
fe

re
nc

es
D

es
ig

n
n/

du
ra

ti
on

Ba
se

lin
e 

po
pu

la
ti

on
Th

er
ap

y
En

dp
oi

nt
s

Re
su

lt
s 

(H
R,

 R
R,

 o
r 

O
R)

G
ur

fin
ke

l e
t 

al
.5

(F
LU

VA
CS

)
RC

T
30

1/
6 

m
In

pa
ti

en
ts

 w
it

h 
AC

S 
or

 
ou

tp
at

ie
nt

s 
w

it
h 

st
ab

le
 C

AD
 

an
d 

pl
an

ne
d 

PC
I

In
flu

en
za

 v
ac

ci
na

ti
on

 v
s.

 p
la

ce
bo

1°
 C

V 
de

at
h 

at
 6

 m
 

2°
 C

V 
de

at
h/

M
I/

re
-h

os
pi

ta
liz

at
io

n 
fo

r 
se

ve
re

 r
ec

ur
re

nt
 is

ch
ae

m
ia

0.
25

; 
95

% 
CI

, 
0.

07
–0

.8
6 

(P
=

0.
01

) 
0.

50
; 

95
% 

CI
 0

.2
9–

0.
85

 (
P

=
0.

00
9)

G
ur

fin
ke

l e
t 

al
.7

(F
LU

VA
CS

)
RC

T
30

1/
12

 m
In

pa
ti

en
ts

 w
it

h 
AC

S 
or

 
ou

tp
at

ie
nt

s 
w

it
h 

st
ab

le
 C

AD
 

an
d 

pl
an

ne
d 

PC
I

In
flu

en
za

 v
ac

ci
na

ti
on

 v
s.

 p
la

ce
bo

1°
 C

V 
de

at
h 

at
 1

 y
ea

r 
2°

 C
V 

de
at

h/
M

I/
re

-h
os

pi
ta

liz
at

io
n 

fo
r 

se
ve

re
 r

ec
ur

re
nt

 is
ch

ae
m

ia
0.

34
; 

95
% 

CI
, 

0.
17

–0
.7

1 
(P

=
0.

00
2)

 
0.

59
; 

95
% 

CI
 0

.4
–0

.8
6 

(P
=

0.
00

4)

Ci
sz

ew
sk

i e
t 

al
.9

(F
LU

CA
D

)
RC

T
65

8/
12

 m
O

ut
pa

ti
en

ts
 w

it
h 

CA
D

 o
pt

im
al

ly
 

tr
ea

te
d

In
flu

en
za

 v
ac

ci
na

ti
on

 v
s.

 p
la

ce
bo

1°
 C

V 
de

at
h 

2°
 C

V 
de

at
h/

M
I/

co
ro

na
ry

 r
ev

as
cu

la
ri

za
ti

on
 

2°
 C

V 
de

at
h/

M
I/

co
ro

na
ry

 r
ev

as
cu

la
ri

za
ti

on
/h

os
pi

ta
liz

at
io

n 
fo

r 
m

yo
ca

rd
ia

l 
is

ch
ae

m
ia

1.
06

; 
95

% 
CI

, 
0.

15
–7

.5
6 

(P
=

0.
95

) 
0.

54
; 

95
% 

CI
, 

0.
24

–1
.2

1 
(P

=
0.

13
) 

0.
54

; 
95

% 
CI

, 
0.

29
–0

.9
9 

(P
=

0.
04

7)

Ke
sh

tk
ar

-J
ah

ro
m

i 
et

 a
l.

10
(I

VC
AD

)
RC

T 
ra

nd
om

iz
ed

, 
si

ng
le

-b
lin

d,
 

pl
ac

eb
o-

co
nt

ro
lle

d
28

1/
6 

m
Pa

ti
en

ts
 w

it
h 

CA
D

In
flu

en
za

 v
ac

ci
na

ti
on

 v
s.

 p
la

ce
bo

1°
 C

V 
de

at
h 

2°
 A

CS
 (

M
I o

r 
un

st
ab

le
 a

ng
in

a)
 

2°
 A

dm
is

si
on

 f
or

 C
AD

 
2°

 A
ng

in
a 

se
ve

ri
ty

 
2°

 C
or

on
ar

y 
ar

te
ry

 s
te

no
si

s 
2°

 C
or

on
ar

y 
re

va
sc

ul
ar

iz
at

io
n 

(C
AB

G
 o

r 
PC

I)
 

2°
 In

flu
en

za
 in

fe
ct

io
n

Ab
st

ra
ct

 p
ub

lis
he

d 
re

po
rt

s:
 

- 1
 v

s.
 2

 d
ea

th
 in

 tr
ea

tm
en

t v
s.

 c
on

tr
ol

 g
ro

up
.

- 
Le

ss
 in

flu
en

za
 in

fe
ct

io
n 

(P
=

0.
00

49
)

- N
o 

ot
he

r 2
° 

en
dp

oi
nt

 s
ig

ni
fic

an
t d

if
fe

re
nc

es

FL
U

VA
CS

–I
C

RC
T

11
7/

6 
m

Se
ve

re
 a

cu
te

 H
F 

pa
ti

en
ts

 
(r

eq
ui

ri
ng

 v
en

ti
la

to
r 

su
pp

or
ta

nd
 a

gg
re

ss
iv

e 
m

ed
ic

al
 t

he
ra

py
).

In
flu

en
za

 v
ac

ci
na

ti
on

 v
s.

 c
on

tr
ol

1°
 O

ve
ra

ll 
m

or
ta

lit
y 

2°
 R

e-
ho

sp
it

al
iz

at
io

n 
fo

r 
an

y 
ca

us
e 

or
 in

fa
rc

ti
on

0.
16

; 
95

% 
CI

, 
0.

33
–0

.7
 (

P
=

0.
02

2)

Ph
ro

m
m

in
ti

ku
l e

t 
al

.11
RC

T
43

9/
12

 m
Pa

ti
en

ts
 w

it
h 

AC
S 

in
 t

he
 p

re
vi

ou
s 

8 
w

ee
ks

In
flu

en
za

 v
ac

ci
na

ti
on

 v
s.

 c
on

tr
ol

1°
 C

V 
de

at
h,

 A
CS

 h
os

pi
ta

liz
at

io
n,

 H
F 

ho
sp

it
al

iz
at

io
n,

 s
tr

ok
e 

ho
sp

it
al

iz
at

io
n.

 
2°

 C
V 

de
at

h

0.
70

; 
95

% 
CI

, 
0.

57
–0

.8
6 

(P
=

0.
00

4)
 

0.
73

; 
95

% 
CI

, 
0.

55
–0

.9
1 

(P
=

0.
03

2)

La
va

llé
e 

et
 a

l.
12

Po
ol

ed
 d

at
a 

fr
om

 3
 t

ri
al

s
23

 1
10

/2
 y

ea
rs

Pa
ti

en
ts

 w
it

h 
re

ce
nt

 T
IA

 o
r 

st
ro

ke
In

flu
en

za
 v

ac
ci

na
ti

on
 s

ta
tu

s 
(y

es
 v

s.
 n

o)
1°

 N
on

-f
at

al
 M

I,
 n

on
-f

at
al

 s
tr

ok
e,

 o
r 

va
sc

ul
ar

 2
° 

M
I 

2°
 S

tr
ok

e
0.

97
; 

95
% 

CI
, 

0.
85

–1
.1

1 
(P

=
0.

67
) 

0.
84

; 
95

% 
CI

, 
0.

59
–1

.1
8 

(P
=

0.
30

) 
1.

01
; 

95
% 

CI
, 

0.
88

–1
.1

7 
(P

=
0.

89
)

Fr
ob

ne
rt

 
IA

M
I

RC
T 

si
ng

le
-b

lin
d,

 p
la

ce
bo

-c
on

tr
ol

le
d

2,
53

2/
12

 m
Pa

ti
en

ts
 w

it
hi

n 
72

 h
 o

f 
PC

I f
or

 
ST

EM
I/

N
ST

EM
Ia

In
flu

en
za

 v
ac

ci
na

ti
on

 v
s.

 p
la

ce
bo

1°
 A

ll-
ca

us
e 

de
at

h,
 M

I,
 s

te
nt

 t
hr

om
bo

si
s 

2°
 A

ll-
ca

us
e 

de
at

h 
2°

 C
V 

de
at

h 
2°

 M
I 

2°
 S

te
nt

 t
hr

om
bo

si
s

0.
72

; 
95

% 
CI

, 
0.

52
–0

.9
9 

(P
=

0.
04

) 
0.

59
; 

95
% 

CI
, 

0.
39

–0
.8

9 
(P

=
0.

01
0)

 
0.

59
; 

95
% 

CI
, 

0.
39

–0
.9

0 
(P

=
0.

01
4)

 
0.

86
; 

95
% 

CI
, 

0.
50

–1
.4

6 
(P

=
0.

57
) 

1.
94

; 
95

% 
CI

, 
0.

48
–7

.7
6 

(P
=

0.
34

)
Va

rd
en

y IN
VE

ST
ED

RC
T 

do
ub

le
-b

lin
d

5,
26

0/
3 

ye
ar

s
Pa

ti
en

ts
 w

it
h 

re
ce

nt
 M

I o
r 

ho
sp

it
al

iz
at

io
n 

fo
r H

F 
pl

us
 a

n 
ad

di
ti

on
al

 f
ac

to
rb

H
ig

h-
do

se
 T

IV
 v

s.
 s

ta
nd

ar
d-

do
se

 Q
IV

1°
 A

ll-
ca

us
e 

de
at

h/
CP

 h
os

pi
ta

liz
at

io
n 

(1
 y

ea
r)

 
2°

 T
ot

al
 C

P 
ho

sp
it

al
iz

at
io

ns
 o

r 
de

at
h 

(3
 y

ea
rs

) 
2°

 C
V 

de
at

h 
or

 h
os

pi
ta

liz
at

io
n 

(1
 y

ea
r)

 
2°

 D
ea

th
 o

r 
CP

 h
os

pi
ta

liz
at

io
n 

(3
 y

ea
rs

) 
2°

 F
ir

st
 C

P 
ho

sp
it

al
iz

at
io

n/
al

l-
ca

us
e 

de
at

h 
(3

 y
ea

rs
)

1.
06

; 
95

% 
CI

, 
0.

97
–1

.1
7;

 (
P

=
0.

21
) 

1.
08

; 
95

% 
CI

, 
0.

97
–1

.2
0;

 (
P

=
0.

16
) 

1.
01

; 
95

% 
CI

, 
0.

84
–1

.2
1;

 (
P

=
0.

96
) 

1.
04

; 
95

% 
CI

, 
0.

94
–1

.1
5;

 (
P

=
0.

44
) 

1.
05

; 
95

% 
CI

, 
0.

96
–1

.1
5;

 (
P

=
0.

26
)

Lo
eb

 IV
VE

RC
T 

qu
ad

ru
pl

e-
bl

in
d

5,
12

9/
36

 m
H

ea
rt

 f
ai

lu
re

 p
at

ie
nt

s 
≥

18
 y

ea
rs

 
an

d 
N

YH
A 

fu
nc

ti
on

al
 c

la
ss

 II
– 

IV

In
ac

ti
va

te
d 

TI
V 

in
flu

en
za

 v
ac

ci
na

ti
on

 v
s.

 
pl

ac
eb

o 
ad

m
in

is
te

re
d 

an
nu

al
ly

 f
or

 3
 

in
flu

en
za

 s
ea

so
ns

1°
 C

om
po

si
te

 a
dv

er
se

 C
V 

ev
en

t:
 C

V 
de

at
h/

no
n-

fa
ta

l M
I/

no
n-

fa
ta

l s
tr

ok
e/

 
H

F 
ho

sp
it

al
iz

at
io

n 
2°

 C
V 

de
at

h 
at

 6
 m

0.
93

; 
95

% 
CI

, 
0.

81
–1

.0
7 

(P
=

0.
30

) 
0.

89
; 

95
% 

CI
, 

0.
77

–1
.0

4 
(P

=
0.

13
)

Fo
ns

ec
a VI
PS

-A
CS

RC
T 

op
en

-l
ab

el
, 

ac
ti

ve
-c

on
tr

ol
le

d,
 

bl
in

de
d 

ou
tc

om
e 

ad
ju

di
ca

ti
on

1,
80

1/
12

 m
Pa

ti
en

ts
 w

it
hi

n 
7 

da
ys

 o
f h

os
pi

ta
l 

ad
m

is
si

on
 f

or
 S

TE
M

I/
N

SE
M

I 
no

t 
pr

ev
io

us
ly

 v
ac

ci
na

te
d 

fo
r 

th
e 

cu
rr

en
t 

in
flu

en
za

 s
ea

so
n

Q
IV

 d
ou

bl
e 

do
se

 d
ur

in
g 

th
e 

AC
S 

ho
sp

it
al

iz
at

io
n 

vs
. 

Q
IV

 s
ta

nd
ar

d 
do

se
 3

0±
5 

da
ys

 a
ft

er
 

ra
nd

om
iz

at
io

n

1°
 C

om
po

si
te

 o
f 

de
at

h/
M

I,
 s

tr
ok

e,
 u

ns
ta

bl
e 

an
gi

na
 h

os
pi

ta
liz

at
io

n,
 H

F 
ho

sp
it

al
iz

at
io

n,
 u

rg
en

t 
co

ro
na

ry
 r

ev
as

cu
la

ri
za

ti
on

, 
or

 r
es

pi
ra

to
ry

 
in

fe
ct

io
n 

ho
sp

it
al

iz
at

io
ns

. 
2°

 C
V 

de
at

h,
 M

I,
 o

r 
st

ro
ke

. 
2°

 O
ve

ra
ll 

m
or

ta
lit

y 
2°

 C
V 

de
at

h 
2°

 M
I 

2°
 U

ns
ta

bl
e 

an
gi

na
 h

os
pi

ta
liz

at
io

n 
2°

 S
tr

ok
e 

2°
 H

F 
ho

sp
it

al
iz

at
io

ns
 

2°
 H

os
pi

ta
liz

at
io

n 
fo

r 
ur

ge
nt

 c
or

on
ar

y 
re

va
sc

ul
ar

iz
at

io
n 

2°
 S

te
nt

 t
hr

om
bo

si
s

1.
00

; 
95

% 
CI

, 
07

8–
1.

28
 (

P
=

0.
99

) 
0.

94
; 

95
% 

CI
, 

0.
66

–1
.3

3 
(P

=
0.

72
) 

1.
08

; 
95

% 
CI

, 
0.

77
–1

.5
1 

(P
=

0.
67

) 
1.

25
; 

95
% 

CI
, 

0.
77

–2
.0

3 
(P

=
0.

36
) 

0.
88

; 
95

% 
CI

, 
0.

49
–1

.5
9 

(P
=

0.
68

) 
1.

86
; 

95
% 

CI
, 

0.
69

 –
 5

.0
3 

(P
=

0.
22

) 
1.

11
; 

95
% 

CI
, 

0.
62

–2
.0

1 
(P

=
0.

72
) 

0.
88

; 
95

% 
CI

, 
0.

49
–1

.5
9 

(P
=

0.
68

) 
0.

91
; 

95
% 

CI
, 

0.
37

–2
.2

4 
(P

=
0.

68
) 

1.
01

; 
95

% 
CI

, 
0.

25
–4

.0
5 

(P
=

0.
98

)

H
ol

lin
gs

w
or

th
 

N
CT

04
13

78
87

Pr
ag

m
at

ic
 r

eg
is

tr
y-

ba
se

d 
RC

T 
M

od
ifi

ed
 d

ou
bl

e-
bl

in
d

>
12

0 
00

0/
ov

er
 3

 
in

flu
en

za
 

se
as

on
s

H
ea

lt
hy

 v
ol

un
te

er
s 

≥
65

 y
ea

rs
Q

IV
-S

D
 v

s.
 Q

IV
-H

D
1°

 e
ff

ec
ti

ve
ne

ss
 f

or
 t

he
 p

re
ve

nt
io

n 
of

 C
V 

an
d/

or
 r

es
pi

ra
to

ry
 

ho
sp

it
al

iz
at

io
ns

 
2°

 c
lin

ic
al

 r
el

at
iv

e 
ef

fe
ct

iv
en

es
s 

of
 Q

IV
-H

D
 a

s 
co

m
pa

re
d 

to
 Q

IV
-S

D
 in

 t
he

 
pr

ev
en

ti
on

 o
f:

 
- 

in
pa

ti
en

t 
ho

sp
it

al
iz

at
io

n 
fo

r 
se

le
ct

ed
 c

ir
cu

la
to

ry
 a

nd
 r

es
pi

ra
to

ry
 c

au
se

s 
- 

de
at

h,
 e

it
he

r 
al

l-
ca

us
e 

or
 C

V 
or

 r
es

pi
ra

to
ry

 c
au

se
s 

- 
in

pa
ti

en
t 

ho
sp

it
al

iz
at

io
n 

(u
si

ng
 p

ri
m

ar
y 

an
d 

se
co

nd
ar

y 
di

sc
ha

rg
e 

di
ag

no
se

s)
 

- 
in

pa
ti

en
t 

ho
sp

it
al

iz
at

io
n 

(u
si

ng
 a

dm
is

si
on

 d
ia

gn
os

es
) 

- 
ho

sp
it

al
 e

m
er

ge
nc

y 
ro

om
 v

is
it

s 
- 

pr
im

ar
y 

ca
re

 v
is

it
s 

to
 t

he
 p

hy
si

ci
an

 o
r 

- 
M

AC
E 

- 
To

 a
ss

es
s 

th
e 

ch
ar

ac
te

ri
st

ic
s 

of
 in

pa
ti

en
t 

ho
sp

it
al

iz
at

io
n 

or
 h

os
pi

ta
l 

em
er

ge
nc

y 
ro

om
 v

is
it

s 
or

 p
ri

m
ar

y 
ca

re
 v

is
it

s 
to

 t
he

 p
hy

si
ci

an
 b

y 
Q

IV
-H

D
 

an
d 

Q
IV

-S
D

 g
ro

up
s 

- 
To

 d
es

cr
ib

e 
th

e 
cl

in
ic

al
 r

el
at

iv
e 

ef
fe

ct
iv

en
es

s 
of

 Q
IV

-H
D

 a
s 

co
m

pa
re

d 
to

 
Q

IV
-S

D
 b

y 
ag

e 
gr

ou
p/

by
 g

ro
up

 w
it

h 
sp

ec
ifi

c 
co

m
or

bi
di

ti
es

/f
or

 d
if

fe
re

nt
 

O
ng

oi
ng

Co
nt

in
ue

d 



A28                                                                                                                                                                                                      A. Carro

HR of 0.75). That meant a number of 2186 individuals per 
treatment arm. In order to control for dropouts and cross 
from one group to the other, the proposed enrolment sam
ple size was 4400 patients. However, the inclusion stopped 
early due to the COVID-19 pandemic with only 58% of tar
get enrolment (2532 patients).

The primary endpoint (composite of all-cause death, MI, 
or stent thrombosis at 12 months) was reduced by 28% in 
the vaccination group compared with placebo (5.3 vs. 
7.2%, HR 0.72; 95% CI: 0.52–0.99; P = 0.040).13 These re
sults were consistent by subgroups defined by sex, age 
(<65 vs. ≥65 years), DM status, smoking status, previous 
MI, STEMI vs. NSTEMI, and influenza season. Key secondary 
outcomes showed a 41% reduction in CV mortality and a 
41% reduction in all-cause mortality. The findings for MI 
trended in a favourable direction but were not statistically 
significant, which may have been attributable to low num
bers of events and limited statistical power. The authors 
also combined the IAMI results in a meta-analysis with 
three other trials and demonstrated a 49% reduction in 
CV death [pooled HR, 0.51 (95% CI, 0.36–0.71)].13

Limitations include the early termination of the trial, 
which might have exaggerated the estimates of the bene
fits of vaccination. In addition, the generalizability of the 
results to the subgroup of women should be made with 
caution, since they were underrepresented (women com
prised only 19% of participants).

The observed 41% reduction in both all-cause and CV 
death might place this trial in a remarkable position, espe
cially in the actual context of effective secondary preven
tion pharmacological interventions. β-blockers, statins, 
and angiotensin-converting enzyme inhibitors or angioten
sin receptor blockers reduce the risk of reinfarction in the 
range of 20–25% post-MI.16 Relative risk reductions for dif
ferent pharmacotherapies cannot be directly compared 
across studies given different study designs and back
ground risk of study populations. However, patients in 
the IAMI trial were very well treated with contemporary 
medical therapy at discharge post-MI, with 98% on aspirin, 
97% on P2Y12 inhibitor, 70% on angiotensin-converting en
zyme inhibitors/angiotensin receptor blockers, 78% on 
β-blockers, and 98% on statins. Although the benefit of 
the influenza vaccine was incremental to that, it has not 
been given the same level of attention or priority as a sec
ondary prevention strategy. The authors suggest that all 
patients post-MI should be offered vaccination in the hos
pital before discharge if not already vaccinated that sea
son. Because acute CV events have also been 
demonstrated with COVID-19 infection, COVID-19 vaccin
ation is also strongly recommended for patients with or 
at risk for CVD.17

Influenza vaccination research after the IAMI 
trial

Upcoming research on influenza vaccination for CAD pa
tients might determine whereas trivalent vs. quadriva
lent, standard vs. high-dose vaccination, inpatient vs. 
ambulatory settings, further and safely improve out
comes. Trial designs and result interpretation must take 
into account that, more than superiority, these trials 
would try to reassure the proven benefits of influenza vac
cination in CAD patients and how the introduction of 
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newer vaccines and vaccination strategies impact those 
results. For instance, results from the Vaccination against 
Influenza to Prevent cardiovascular events after Acute 
Coronary Syndromes (VIP-ACSs) study were released at 
the European Society of Cardiology (ESC) Congress 2022 
(Barcelona)18 and recently published.19 The authors found 
no differences on cardiopulmonary outcomes (Table 1) 
when comparing a double-dose quadrivalent influenza vac
cine before hospital with outpatient standard-dose vaccin
ation among patients hospitalized for ACS. These results 
should not be regarded as negative. In fact, the trial de
monstrated that adverse events were infrequent and did 
not differ between double or standard doses. The non- 
inferiority of the strategies adds another piece of evidence 
for considering influenza vaccination before hospitalization 
discharge, not only as an immunoprevention strategy avoid
ance of viral illness but also as a secondary prevention tool 
for the avoidance of CV morbidity and mortality.

Similar interpretations are needed for the results of vac
cination trials conducted on HF patients (Table 1), such as 
INfluenza Vaccine to Effectively Stop Cardio Thoracic 
Events and Decompensated Heart Failure (INVESTED)20,21

and Influenza Vaccine to Prevent Adverse Vascular Events 
(IVVE)22,23 (results presented as an abstract) (Table 1). 
Finally, recent designs are focusing on the feasibility of 
randomizing different populations (by age, underlying dis
ease), such as recently presented (ESC Congress, 
Barcelona 2022) DANFLU-1 trial24 (Table 1) or ongoing trial 
in people aged over 65 years.25

The clinical research gap

The suboptimal uptake of influenza vaccine among patients 
with CVD could improve if cardiologists took greater aware
ness and ensured their patients annually received this im
portant, guideline-recommended CV preventive measure. 
As part of a team-based approach to care, this should also 
fall within the scope of switching the setting where the vac
cine is administered. Instead of relegated to primary care 
scenarios, hospital admission, rehabilitation programmes, 
ambulatory visits, or even other secondary prevention 
practices (inhibitors of proprotein convertase subtilisin/ 
kexin type 9 serine protease [iPCSK9], inclisiran injections) 
might constitute excellent opportunities to provide influ
enza vaccines to high-risk patients with CVD.
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